INSTRUCTION
===========

Prion infection of the central nervous system causes a progressive and ultimately lethal degeneration of neuronal tissue; however, the underlying pathomechanisms of this degeneration are still not well understood [@B017]. When activated in the course of neuroinflammatory responses, glial cells morphology changes from a ramified to an amoeboid shape. When activated glial cells produce proinflammatory molecules, including cytokines and chemokines, levels of these molecules are thought to be correlated with the pathogenesis of various neurodegenerative diseases [@B014]. In prion diseases, the reactive gliosis is most likely a consequence of the accumulation of disease-associated isoforms of the prion. In agreement with this hypothesis, microglia cells are activated by the aggregated, amyloid-like, form of a Prion peptide 106- 126 (PrP) *in vitro*. Supernatants from PrP treated microglia cultures activate astrocytes and are neurotoxic [@B006]. Thus, cytokines and chemokines released by PrP-activated glial cells may contribute indirectly to the pathogenesis of prion infection by acting as mediators of gliosis and/or directly via cytotoxicity to neurons [@B019].

The matrix metalloproteinases (MMPs) are a large family of zinc-dependent endopeptidase enzymes and responsible for remodeling the extracellular matrix (ECM) in the CNS and cleaving proteins present in myelin [@B016] and tight junction complexes [@B008]. Together with the tissue inhibitors of metalloproteinases (TIMPs), the MMPs form a dynamic system that maintains the homeostatic balance of ECM breakdown and regeneration [@B004]. In many disease states, this balance is lost, and excessive MMP proteolytic activity is thought to contribute to the pathogenesis of a number of CNS diseases, including cerebral ischemia, Parkinson's disease, Alzheimer's disease, and traumatic injury [@B005]. Especially, MMP-1, MMP-3 [@B002]; [@B009] and MMP-11 [@B003] are implicated in CNS inflammation. Previous studies showed the MMP expressions profile in purified cell cultures of astrocytes and microglia. However, it has been never shown that MMPs expression have systematically compared in glial cells treated with PrP, although the evidence for MMP involvement in chronic neurodegeneration has been accumulated. The objective of the present study, therefore, was to identify the comparative expression of the inflammatory cytokines and MMP gene expressions in glial cells and to better understand the difference in sensitivity of glial cells to PrP.

MATERIALS AND METHODS
=====================

***Cell cultures and immunocytochemistry.*** Primary glial mixed cultures were obtained from the cerebral cortex of 1- day-old SD rats (Daehan Bio-link, Chungju, Korea) as previously described [@B018]. Briefly, newborn rats were euthanized by decapitation according to the guidelines presented by the IACUC of Chonbuk National University (CBU 2010-0056). Brain tissue was then mechanically dissociated in culture medium (MEM containing 10% FBS, HEPES, 1% antibiotics), and cells were seeded onto culture flasks (75T-flask, Nunc, Netherland). Upon reaching confluency (14 days), flasks were shaken and hit strongly 10\~20 times by hand. Cells that remained attached were removed by incubation with trypsin and seeded on culture dishes or poly-L-lysine-coated coverslips in culture medium (DMEM containing 10% FBS, 1% antibiotics). The purified astrocytes cultures were then used for experiments. The floating cells were also utilized to establish primary microglia cultures as described previously [@B018]. Briefly, microglia-containg supernatants were plated using medium (DMEM containing 10% FBS, 1% antibiotics). Medium was replaced 1 hour after plating to further select the microglia cell population. Astrocytes and microglia were pre-plated for 24 h and then treated with 10, 30 and 50 μM PrP 106-126 (Peptron, Daejon, Korea).

Microglial cells were seeded on poly-L-lysine-coated coverslips for staining. For immunofluorescence measurements, cultures were use on precoated coverslide in non-coated dishes or plates. All incubations and washes were performed at room temperature. Cells were fixed with 100% methanol, washed three times with PBS, permeabilized with 0.1% Triton X-100/PBS for 10min and then washed three times with PBS. Fixed cells were incubated for 30 min with 1% BSA in PBS. Cells were incubated overnight with diluted primary monoclonal antibodies, GFAP (1 : 1,000 dilution, Chemicon, Temecula, CA) and CD11b (1 : 200 dilution, Chemicon, Temecula, CA, USA) for double staining. After rinsing in PBS, these cells were incubated for 2 h with diluted secondary antibodies (goat antimouse, rabbit Alexa Fluor 596, goat anti-rabbit Alexa Fluor 488) and washed with PBS. As a negative control, the primary antibodies were not added. Images were obtained by fluorescence microscopy on a scope A1 (Carlzeiss, Germany).

###### 

Oligonucleotide sequences of the primers used in RT-PCR

  --------- ------------------------- ------------------------
  Gene      Sequences                 
                                      
  Forward   Reverse                   
                                      
  MMP-1     GCCATTACTCACAACAATCCTC    ACACAATATCACCTTCCTCCTC
  MMP-3     TTGATGATGATGAACGATGGAC    GTGGAGGACTTGTAGACTGG
  MMP-11    TATGACGAGACTTGGACTATTGG   CTGAGCACCTTGGAAGAACC
  GAPDH     TGAACGGGAAGCTCACTGG       TCCACCACCCTGTTGCTGTA
  --------- ------------------------- ------------------------

***Western blotting.*** Total cell extracts were harvested in RIPA buffer and then centrifuged at 15,000 rpm for 15 min at 4℃. Quantification of total protein was performed using the BCA protein assay reagent (Bio-Rad Laboratories, Hercules, CA). Proteins were resolved by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride membrane. After blocking in 5% skim milk in PBS with 0.1% Tween-20 (PBS-T), the membranes were incubated overnight at 4℃ with specific primary antibodies for IL-1β, TNF-α and β-actin (Cell Signaling, Danvers, USA) that had been diluted by 1 : 1,000 in 1% skim milk in PBS-T. After washing, the blots were incubated at room temperature for 1 h with peroxidase-conjugated goat anti-rabbit IgG secondary antibody (Millipore, USA) that had been diluted by 1 : 10,000 in PBS-T. Signals were detected using a supersignal west dura extended duration substrate (Thermo, CA, USA), according to the manufacturer's instructions. Densitometric analysis was conducted directly from the blotted membrane using a Chemi Imager analyzer system (Alpha Innotech, San Leandro, CA, USA).

***Real-time PCR.*** Total cellular RNA prepared from the cells was precipitated with Ribo EX (Geneall, Daejeon, Korea) and dissolved in DEPC-treated distilled water. Total RNA (2 μg) was treated with RNase-free DNase (Invitrogen) and the first strand cDNA was generated with oligo's primers provided in Maxime RT PreMix (Intron, Seongnam, Korea) using the first-strand cDNA synthesis kit according the manufacturer's instruction. Specific primers for each gene were designed using Primer Express software (Applied Biosystems, Singapore) as shown in [Table 1](#T001){ref-type="table"}. The real-time PCR reaction mixture consisted of 10 ng reverse-transcribed total RNA, 167 nM forward and reverse primers, and 2 × PCR master mixture in a final volume of 20 μ*l*. The PCR was carried out in 48 well plates using the ABI Step one plus Sequence Detection System (Applied Biosystems, Singapore). All experiments were performed in triplicate.

RESULTS
=======

The majority (95%) of astrocytes and microglia in this culture system expressed astrocytes and microglia specific marker, GFAP and CD11b, respectively ([Fig. 1](#F001){ref-type="fig"}). [Fig. 1](#F001){ref-type="fig"} showed the activation of astrocytes and microglia treated by PrP. The fluorescence intensity of astrocytes and microglia treated by PrP was increased as compared to control. The relationship between glial activation and neurodegeneration is still unclear, although several cytokines and inflammatory mediators produced from activated glial cells may initiate or exacerbate the progression of neuropathology. As shown in [Fig. 2](#F002){ref-type="fig"}, protein expression of IL-1β and TNF-α was increased in astrocytes and microglia treated with PrP. The PrP dose-dependent increase in these cytokines was different between the two glial cells, where microglial cells were more sensitive to PrP treatment than astrocytes. [Fig. 3](#F003){ref-type="fig"} showed that microglia treated with PrP have more sensitive with higher gene expression than astrocytes. MMP-1 and MMP-11 gene expressions in microglia showed significantly increase in a PrP dose-dependent manner, whereas MMP-3 gene expression showed no change in microglia. There was no significant difference in MMP-3 and MMP- 11 gene expressions in astrocytes except for MMP-1 gene expression. These results indicated that astrocytes and microglia treated with PrP have different inflammatory cytokines responses and expressions of MMPs genes after PrP treatment.

![Activation of astrocytes and microglia induced by PrP. Astrocytes and microglia were treated with various concentrations of PrP for 24 hours (10, 30 and 50 μM). Immunocytochemistry staining for GFAP (red), CD11b (green) and Hoechst (blue). Fluorescence intensity was observed using a florescence microscope. Original magnification, 200 ×.](toxicr-28-5-g001){#F001}

![Protein expression of IL-1β and TNF-α in PrP treated astrocytes and microglia. Astrocytes and microglia were treated with various concentrations of PrP for 24 hours (10, 30 and 50 μM). Western blotting analysis was conducted directly from the blotted membrane by using a Chemi Imager analyzer system.](toxicr-28-5-g002){#F002}

![Real time RT-PCR analysis of MMPs gene expression. Real time RT-PCR analysis of MMPs genes was performed as described in the materials and methods. MMP-1 and MMP-11 gene expressions showed significantly increase in a PrP dose dependant manner in microglia. MMP-3 and MMP-11 gene expressions showed no changed in astrocytes. Each value is expressed as the mean ± SEM of triplicate. Significance by *t*-test: \**p*\< 0.05 vs astrocytes control, +*p*\< 0.05 vs microglia control.](toxicr-28-5-g003){#F003}

DISCUSSION
==========

The presence of activated microglia adjacent to PrP deposits is a common feature in the infected brains of humans and animals [@B007]. Moreover, *in vivo* accumulation of activated microglia is concomitant with PrP deposition, which precedes neuronal death and clinical signs of prion disease [@B001]. Using PrP 106-126 as an *in vitro* model, previous reports have shown that the presence of activated microglia is required for neurotoxicity. Furthermore, PrP 106-126 has been shown to exhibit *in vitro* chemotactic properties for human monocytes through direct interactions with cell surface receptors [@B013]. However, little is known about the nature of the molecular signals and cell types responsible for astrocytes and microglia in the vicinity of PrP aggregates [@B011]. MMPs have been implicated in a variety of neuroinflammatory diseases, including EAE [@B015], multiple sclerosis, Parkinson's disease, cerebral ischemia and nerve regeneration [@B012]. In many instances, activation of MMPs is associated with tissue injury and cell death. For example, MMP-3 has been implicated in the neuroinflammatory cascade as a secreted factor released from apoptotic cells. This study showed that active MMP-3 increased expression of cytokines that resulted in the activation of microglia, accounting for the localized activation of microglia around apoptotic neurons in the CNS [@B011]. Elevated MMP-3 levels have been reported in several autoimmune and inflammatory CNS disease states [@B010].

To the best of our knowledge, this is the first study to demonstrate a complementary response of astrocytes and microglia to prion infection leading to MMPs gene expression *in vitro*. We hypothesize that activation of astrocytes and microglia in the vicinity of PrP aggregates and their subsequent activation of MMPs gene expression after infection and long before the onset of the disease may contribute to both neuronal damage and pathogenesis. We also demonstrated that TNF-α and IL-1β were up-regulated in astrocytes and microglia after PrP treatment, which lead to MMPs gene expression. In this study, we compared the MMPs gene expression profile between astrocytes and microglia after PrP treatment. Although we did not identify the detailed pathway or mechanism of PrP induced MMPs gene expression, our experiments suggest the existence of functional interactions that might induce transduction signal pathways. MMPs genes are widely expressed in the adult CNS, and their expression is regulated in response to stressful and pathological conditions. They have been involved in the manifestation of various brain disorders such as Alzheimer's disease. Further investigations will be needed to better understand how PrP aggregates influence the MMPs profile expression and signal pathways in both astrocytes and microglia.
